Abstract. For a newly developed direct-drive permanent magnet motor, it is assembled with the bogie. In the test bench about the vibration fatigue test, to study the motor at a certain amplitude of the acceleration, the vibration to a certain number of times, whether the motor shell and the inner bearing will be damaged. Finally, the relationship between the vibration amplitude and the speed of the motor, and the acceleration vibration amplitude at different positions are obtained. At the same time, it is also verified that the motor can meet the standard fatigue life [1, 2] .
Introduction
Permanent magnet direct-drive motor with high efficiency, energy saving, low noise, space saving and other characteristics, can achieve a small wheelbase [3] . However, due to the use of the design on the axle, increased unsprung mass, resulting in increased force between the wheel and rail. The impact of the motor and fatigue life has become the key [4, 5] .
An Overview of the Test Subjects
The bogie is developed by CRRC Nanjing Puzhen Co., Ltd., using permanent magnet direct drive motor instead of the traditional asynchronous motor, and the permanent magnet motor adopts axle installation to drive the axle directly [6, 7, 8] . The main parameters of the bogie are as follows. figure 1 , a wheel set on the platform does not move, and the other set of wheels on the track wheel. The rotation of the track wheel can drive the rotation of the bogie wheel. Test bench is a high-speed rotation test bed, roller diameter is 590mm, the maximum speed is 4200 r / min. The motive of the above bogie is achieved by setting the wheels polygon on the track wheel. Above The hydraulic cylinder above bogie can be applied to the bogie weight, to simulate the actual operation of the vehicle weight.
The track wheel with a polygon Figure 1 . Principle of test bench.
The Position of the Sensor
On the three direction of the left and right axle box of the wheelset, the motor shell center, and on the horizontal and vertical of the end of the frame, the motor boom, the motor left and right end cover, the acceleration sensor is placed, whit a total of 17 accelerometers. The acceleration position diagram is shown in Figure 2 . 
The Setting of the Track Wheel Polygon
According to the standard IEC 61373, the test of the components on the axle is at a random vibration of 144 m / s2 (RMS). In order to determine the amplitude of the wheel polygon is placed on the track wheel, the vertical vibration at the axle box can reach 144 m / s2 (RMS), we establish the dynamic model of the permanent magnet direct drive bogie. Under the AW3 load condition, the simulation is carried out at 40-80km / h speed by applying different orbit excitation. The vertical acceleration value of the axle box position of one of the bogies is extracted and the depth of the wheel polygon of the track wheel is finally determined to be 1 mm. Therefore, the test bed is equipped with a track wheel with a depth of 1 mm and a wavelength of 140 mm. Once the orbital wheel of the test is determined, the magnitude of the acceleration can only be adjusted by changing the speed. The actual machining results of the track wheel are shown in Fig.3 .
Test Data
The actual data waveform has a lot of burrs, not a regular sine wave, as shown in Figure 4 . The data needs to be low-pass filtered, and the Fig.5 is filtered data. It can be seen that the filtered data are more obvious regularity. The test is carried out in the speed 105r / min, then the time of the wheels turn a circle is 0.571 seconds, so we intercepted 0.571 seconds of data, to perform the rms statistics. For each crest to take the root mean square, to abandon the smaller crests, and finally, a cycle has 109 rms values, that is RMS1, RMS1, ... RMS109.
According to the conversion method of the acceleration ratio provided by IEC61373, each rms value is converted.
The acceleration ratio =
.
That is
The times can be obtained for each peak need to do, that is Nt1, Nt2, ……Nt109 , And then can be obtained for each revolution of the wheel the proportion of each peak. When all ratios are equal to 1, it can be assumed that the effect at this time is equivalent to the 14.4 g (rms) of the standard 5 hours of operation. After the conversion in the above manner, the time required to run at 105r / min is 11.6 hours. Horizontal impact fatigue test is also the same method. As can be seen from the figure 6 and the figure 7, with the increase in speed, the motor acceleration is an increasing trend.
The figure 8 is the root mean square of the acceleration at each measuring point under the speed 105 r / min.
Conclusion
1. After the test, the insulation resistance of each phase winding, voltage, resistance, rotation of the opposite electromotive force are normal, the motor fasteners without loosening, the motor shell without cracks, motor and axle box bearing no abnormal vibration and noise. The fatigue test results show that the motor is qualified.
2. As the speed increases, the acceleration of each position is increasing. 3. Through this test, we get the acceleration distribution of multiple measuring points on the bogie, and the maximum acceleration position is on the lateral direction of the left side of motor.
